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Introduction
The study of the most cited works in a particular field gives an indication of the most impactful advances, developments, and discoveries that have been instrumental in driving research in that discipline. 1, 2 This analysis also offers insight into where the field has been, where the unmet needs are, and where the field may be heading. 1 Such snapshots of the most important works have previously been generated for several areas of neurology and neurosurgery. 1, [3] [4] [5] [6] [7] [8] A recent study examined citations related to essential tremor (ET), 8 but a similar analysis has however not yet been carried out for dystonia.
Importantly, no study has compared the literature in the two different but linked fields of ET and dystonia. Here we compared and contrasted these two research areas to produce a more comprehensive review and identify the most highly cited ET and dystonia articles.
Methods
We used a search strategy similar to one we have previously used for bibliometric analysis in other fields. 1, 9 A search was performed in dystonia, the search terms were ''dystoni* OR meige syndrome OR writer cramp OR torticollis.'' Alternative terms were also searched to identify additional citations: ''professional cramp OR musician cramp OR eyelid opening apraxia OR Brueghel syndrome OR Oppenheim disease.'' The ''OR'' is a Boolean operator to find records containing any of the terms, and the parentheses were used to define operator precedence such that the expression inside the parentheses is executed first. The asterisk was included as a wild card character. The search terms for ET returned 4,578 articles with the earliest published in 1903. The search terms for dystonia returned 18,839 articles with the earliest published in 1901. The two results were separately sorted by number of citations from highest to lowest and were manually examined to identify the top 100 cited articles related to the field. Articles were considered ''citation classics'' if they received 400 or more citations as previously defined. 2 
Results
We first conducted a broad search to identify the relative publication activity across each of the main movement disorders as identified by PubMed (Table 1) . Relative to Parkinson's disease (PD), the number of papers identified in PubMed on dystonia was approximately one fifth and on ET was approximately one twentieth.
The 100 most cited articles showed that the number of citations per article for ET ranged from 79 to 846 (median 100) compared to a range from of 137 to 560 (median 179) for dystonia. The articles were ranked by citations, and those articles that were ranked in the top 100 are shown in Table 2 for ET and Table 3 for dystonia. Out of these articles, there were four citation classics receiving 400 or more citations for ET [10] [11] [12] [13] and six citation classics for dystonia, [14] [15] [16] [17] [18] [19] representing 0.09% and 0.03% of all search results, respectively. For further analysis of the most cited works, each article was classified into one of seven categories: epidemiology, laboratory genetic studies, laboratory pathophysiological studies, clinical classification, clinical medical therapies, clinical surgical therapies, and review articles. The numbers of articles in each category by field of study (ET and dystonia) are shown in Figure 1 .
Epidemiology
Studies were included in this category if they described the epidemiology of the condition including prevalence, incidence, comparisons, and trends over time. For ET, there were 15 studies in this category. Out of these, eight studies investigated the incidences of ET in different regions or countries. The remaining seven examined the association of ET with dementia, PD, and other functional measures. By comparison, there were only four dystonia articles in this category. These studies investigated the prevalence of dystonia in different population subgroups.
Clinical: classification
This broad category included new description of the disease, new diagnostic features, its classification into subtypes, as well as conditionspecific measures and rating scales. There were 18 articles in this category, including one citation classic for ET. 11 Similarly, there were 13 articles for dystonia and one citation classic.
16
Laboratory: genetic studies
Studies were included in this category if they were genetic studies. There were seven studies for ET, including investigations in the familial essential tremor gene FET1, fragile X premutation, variants in the sequences of the LINGO1 gene and the dopamine D-3 receptor, GABA(A) alpha 1 receptor knockout, polymorphism of NACP-Rep1, and methodologic issues in ET research. For dystonia, there were 19 studies including two citation classics.
14, 15 These two genetic studies were the first and third most highly ranked articles by citations in the dystonia field. There were five studies on the early onset dystonia gene (DYT1),;four on idiopathic dystonia; two on the genetics of doparesponsive dystonia; one on Leber optic atrophy and dystonia; one on lacZ transgene insertion; and one each on mutations of the deafness/ dystonia peptide (DDP ) gene, GTP cyclohydrolase-1 gene, epsilon sarcoglycan gene, dystonia musculorum gene, Na+/K+-ATPase alpha 3 gene, and phospholipase A2 group VI (PLA2G6 ) gene.
Laboratory: pathophysiology
Studies investigating the pathophysiologic mechanisms underlying ET and dystonia were included in this category. There were 21 studies for ET, including 10 that employed imaging techniques. There were four studies on the physiology of ET, five on pathology, and the remaining studies on pharmacology or biochemical analysis of cerebrospinal fluid. For dystonia, there were 20 studies with 13 on neurophysiology, six on imaging, and one on pharmacology. 
Clinical: medical therapies
Only those studies dealing with the application of medical and nonsurgical treatments were included in this category. For ET, there were eight articles on medical treatment with two studies on propranolol and primidone, and one study each on gabapentin and propranolol, on propranolol alone, on alcohol, on botulinum toxin, and on mechanical displacement. For dystonia, there were 30 articles including one citation classic. 18 The effect of botulinum toxin was investigated in 19 out of the 30 articles. The remaining articles included five studies on transcranial magnetic stimulation; three studies on levodopa; and one study each on baclofen, lidocaine, and anticholinergic treatment.
Clinical: surgical therapies
Only those studies that dealt primarily with surgical treatment were included in this category. In several studies, the primary aim of the surgical treatment was for tremor whose etiology could either be due to PD or ET; these were also included. For ET, there were 16 articles with three citation classics. 10, 12, 13 There was one article on the effect of thalamotomy and two articles comparing thalamotomy with deep brain stimulation (DBS); the 13 remaining articles investigated the effects of thalamic stimulation of the ventral intermediate nucleus. For dystonia, there were nine articles on surgical therapies, all of which were studies of globus pallidus internus (GPi) DBS.
Review articles
There were 15 review articles for ET: seven on the general aspects of ET and the remainder reviewing the treatment, pathophysiology, and effect of electrical stimulation. For dystonia, there were five reviews of pathophysiology or diagnostic features.
Time trends and journals
The publication year of the most cited articles are summarized in Figure 2 . This showed that there was a peak of the most cited articles for ET for articles published between 2000 and 2004, and for dystonia between 1995 and 1999. The most cited articles were published in 38 journals. The top 10 journals by numbers of articles published and numbers of citations per articles are shown in Figure 3 . The top 10 journals accounted for 162 (81%) of the combined 200 most cited articles.
Discussion
The most highly cited articles in the fields of ET and dystonia were identified (Tables 2 and 3) . By category, the most cited studies were those on pathophysiology followed by medical treatments, clinical classification, genetic studies, surgical treatments, review articles, and epidemiology studies. Comparing ET and dystonia, there are very similar proportions of articles in the most cited on pathophysiology and clinical classification categories. Nevertheless, the two fields diverge in other subfields because ET is characterized by a larger number of studies describing the epidemiology of the condition, whereas dystonia has a much higher representation of genetic studies. This is likely an indication of the greater understanding and contribution of genetic factors to dystonia compared to ET, which is-by contrast-a much more common condition but probably characterized by a wide spectrum of possible etiologies, making genetic studies very difficult. Moreover, there is a predominance of surgical treatment for ET, whereas medical treatment predominates for dystonia.
Trends over time showed that the peak period of when the most cited papers were published was between 1995 and 2005, with dystonia peaking 5 years before ET. This is in line with our previous work looking at the most cited papers in the functional neurosurgery literature, which showed a similar peak in the 1990s. 6 The proposed reasons for the peak during this time are likely similar, namely that this period was particular active and productive with significant success in elucidating the causes and diagnosis of these conditions, and effective treatments such as deep brain stimulation or botulinum toxin were developed for dystonia. Another possible reason for the proposed peak may be a fundamental feature of contemporary research whereby older publications are no longer cited because they have been replaced by new studies that have replicated the findings and superseded them. 6 At the same time, more recent studies have not had time to become established as a most cited article, for example the more recent discovery of the DYT6 gene. 20 The majority of the most cited articles were generally published in specialized journals such as Neurology, Annals of Neurology, Movement Disorders, Brain, Journal of Neurology, Neurosurgery, and Psychiatry, among others ( Figure 3) . However, articles published in the more general medical journals such as the New England Journal of Medicine or Lancet tend to receive more citations per article published. This also corresponded to their higher overall journal impact factor (Figure 3 ). An exception were articles published in the Journal of Neurosurgery, which received on average 356 citations per articles, more than would be expected by the journal's impact factor. These were attributable to contributions from three studies on deep brain stimulation. 12, 21, 22 This suggests that the publication of important clinical therapeutic studies in a specialized journal is also able to achieve significant impact.
Limitations
The choice of ISI Web of Science, which indexes over 15,000 journals, over Google Scholar, which indexes a wider range of academic documents may also have had an effect on our findings. However, our previous reviews in other fields yielded very similar results using these two search engines when the study field was small. Another limitation is that the search terms may not have yielded all possible results despite our inclusion of broad terms. For the ISI Web of Science search engine, it is possible to perform either a title-or topic-based search. The former would only search for the search term in the title of the article, whereas a topic-based search would also include the abstract. Given the small size of the ET and dystonia fields, a topic-based search was selected to retrieve all possible results as described in the methods section. This is particularly important for ET, as many of the studies would also include patients with parkinsonian tremor. By contrast, a citation analysis study on ET using a title-based search would yield fewer results. 8 Finally, the list of most cited papers changes with time and is therefore a snapshot of the current state of research.
Conclusions
We performed an analysis to identify the most cited ET and dystonia papers. There are fewer citation classics compared to PD, confirming that this is a smaller field of research. Compared to dystonia, areas of research in ET such as genetics, neurophysiology, and medical treatment are underrepresented. The peak of citations for ET is also lagging by about
